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DESCRIPTION 

BONDING METHOD AND APPARATUS 

5 TECHNICAL B^IELD 

The present invention relates to a bonding method and an 
apparatus applied for mounting electronic components on a 
substrate by directly bonding electrodes on the electronic 
components and on the substrate. 

10 

BACKGROUND ART 

In one known component mounting method in which two or 
more objects are directly bonded together, the objects are 
placed inside a vacuum chamber and cleaned by directing energy 

15 waves onto their surfaces in a low-pressure gas atmosphere, 
after which the objects are faced opposite each other and 
pressed together, with the chamber sealed vacuum, or sealed 
with inactive gas or other gas that does not react with the 
objects (see, for example. Patent Document 1) . 

20 In another known bonding method in which Au bumps of 

electronic components are joined by metal bonding with Au film 
on the surface of connection terminals of the substrate, the 
substrate and electronic components are placed in a vacuum 
atmosphere inside a chamber, the Au bumps on the electronic 

25 components and Au film on the surface of the connection 
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terminals of the substrate are cleaned by unidirectionaliy 
accelerated energy particles such as fast atom beam or ion 
beam, and while the vacuum atmosphere, or a certain gas 
atmosphere, is maintained, the bumps and connection terminals 
5 that have been activated by the cleaning are brought into 

contact with each other and pressure is applied, whereby they 
are joined under room temperature {see, for example. Patent 
Document 2) . This conventional technique claims that bonding 
IS also possible in the atmosphere, and within ten minutes 
10 during which the activated state achieved by the cleaning 
process can be maintained, bonding is performed in a 
temperature range of from room temperature to 150°C. 

Patent Document 1: Japanese Patent Publication No. 2001- 

351892 

15 Patent Document 2: Japanese Patent Publication No. 2003- 

197673 

PROBLEMS TO BE SOLVED BY THE IN\?ENTION 

However, in the conventional bonding techniques, the 

20 transportation step after the cleaning step and the bonding 
step require at least one vacuum chamber or a chamber for 
creating an inactive gas atmosphere, as well as other 
necessary vacuum equipment such as vacuum pumps, valves, and 
controllers, because of which the equipment cost is higher as 

25 compared to bonding methods that use ultrasound and heat or 
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that use a curable paste material. Also, production throughput 
is reduced by the time required for reducing gas pressure or 
sealing in gas and opening the chamber to atmosphere each tiiue 
the substrate and electronic components are carried in and out 
5 of the chamber. 

To solve the above problems, as with the conventional 
techniques disclosed in Patent Document 2, the transportation 
step after the cleaning and bonding step may be carried out in 
the atmosphere, so that no vacuum equipment is necessary for 

10 the bonding and that equipment cost for the bonding is reduced 
and production throughput improved. On the other hand, as this 
bonding method entails heat application, there arises another 
problem that oxides or other substances adhered on the bonding 
surfaces that impede bonding must be removed and that such 

15 substances must be strictly controlled and prevented from 
attaching to the bonding surfaces again. 

Accordingly, an object of the present invention is to 
provide a bonding method and an apparatus, with which process 
steps, at least from the surface treatment step of removing 

20 bonding inhibitor substances to the bonding step, can be 
performed in the atmosphere and under room temperature. 



MEANS FOR SOLVING THE PROBLEMS 

To achieve the above object, one aspect of the present 
25 invention is a method of bonding surfaces of two or more 



objects after the objects have been surface-treated, including 
a surface roughness control step of processinc at least one of 
the bonding surfaces to be bonded together so as to have a 
predetermined roughness, a surface treatment step of removing 
5 a bonding inhibitor substance from the bonding surfaces and 

attaching a bonding enhancer substance on the bonding surfaces, 
and a bending step of bringing the bonding surfaces of the two 
or more objects into contact with each other and bonding them. 
With the above bonding method, one of the bonding 

10 surfaces to be bonded together is processed to have a 

predetermined roughness in a surface roughness control step, 
so that the bonding surface has a profile in which fine peaks 
are formed at fine intervals. When this bonding surface is 
pressed against the bonding surface of the other object in the 

15 bonding step, these peaks shear off the layer of bonding 

inhibitor substances such as oxides or adhered substances that 
exist on the bonding surfaces, and thus these peaks, which are 
substantially evenly distributed, or regularly arranged, are 
bonded to the other surface by metal bonding, whereby both 

20 objects are joined. The required joint strength depends on the 
sum of bonding areas, i.e., the total sum of areas of bonding 
points between the fine peaks formed on one bonding surface 
and the other bonding surface. Therefore, a required joint 
strength can be achieved by suitably selecting the shape and 

25 size of the peaks of the bonding surface that is roughened in 
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the surface roughness control step, and the biting amount of 
the roughened surface into the other bonding surface in the 
bonding step. Since bonding is performed under the absence of 
bonding inhibitor substances and under the existence of 
5 bonding enhancer substances because of the surface treatment 
step that is carried out in order to remove bonding inhibitor 
substances from the bonding surfaces and attaching bonding 
enhancer substances, firm joints are reliably formed between 
the peaks and other bonding surface without any impediment 

10 from bonding inhibitor substances and with the help of bonding 
enhancer substances. 

As part of the surface treatment step of the above 
bonding method, it is preferable to perform initial surface 
cleaning before each step so as to remove bonding inhibitor 

15 substances that exist on the bonding surfaces, so that each 
step is carried out in a cleaner condition, and, after the 
surface cleaning, the bonding is possible in the atmosphere 
due to surface modification caused by adhesion of bonding 
enhancer substances under the existence of the substances that 

20 have been removed but adhered again. 

The surface roughness processing/control step is 
performed in order to process and control the bonding surfaces 
to have an appropriate surface roughness when they have a 
surface roughness that is inappropriate for the materials to 

2S serve as a bonding surface. Various methods may be adopted, 



such as a method of transferring an uneven surface profile to 
one bonding surface using a tool formed with a profile having 
a predetermined roughness, a method using atmospheric plasma, 
or a blast treatment method wherein fine particles are blown. 

The surface treatment step should preferably be carried 
out by a method of projecting energy particles or waves toward 
the bonding surfaces under the atmospheric pressure, which 
enables the bonding step to be performed under the atmospheric 
pressure and at room temperature. More specifically, 
ultraviolet irradiation or irradiation of substances generated 
by atmospheric plasma is applicable, and by performing this 
surface treatment step at the same time with the bonding step, 
the objects are swiftly bonded after the bonding inhibitor 
substances have been removed and the bonding enhancer 
substances have been attached, 

A bonding apparatus according to a second aspect of the 
present invention is an apparatus for bonding surfaces of two 
or more objects after the objects have been surface-treated, 
comprising surface treatment means for removing a bonding 
inhibitor substance from and attaching a bonding enhancer 
substance on at least one bonding surface that has been 
controlled to have a predetermined roughness, and bonding 
means for contacting the bonding surfaces of the two or more 
objects to bond them. 

With the above bonding apparatus, one of the bonding 



7 



surfaces is controlled to have a predeterniined surface 
roughness, so that the bonding surface has a profile in vjhich 
fine peaks are formed at fine intervals. When this bonding 
surface is pressed against the bonding surface of the other 
s object in the bonding step, these peaks shear off the layer of 
bonding inhibitor substances such as oxides or adhered 
substances that exist on the bonding surfaces, and thus these 
regularly arranged peaks are bonded to the other bonding 
surface by metal bonding, whereby both objects are joined. The 

10 required joint strength depends on the sum of bonding areas, 
i.e., the total sum of areas of bonding points between the 
fine peaks formed on one bonding surface and the other bonding 
surface. Therefore, a required joint strength is achieved by 
suitably selecting the shape and size of the peaks of the 

IS bonding surface that is roughened in the surface roughness 
controlling, and the biting amount of the roughened surface 
into the other bonding surface using the bonding means. Since 
bonding inhibitor substances have been removed from the 
bonding surfaces and bonding enhancer substances have been 

20 attached using the surface treatment means, bonding is 

performed under the absence of bonding inhibitor substances 
and under the existence of bonding enhancer substances, and 
therefore firm joints are reliably formed between the peaks 
and other bonding surface without any impediment from bonding 

25 inhibitor substances and with the help of bonding enhancer 
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substances , 

The surface treatment means of the above bonding 
apparatus should preferably include Initial surface cleaning 
means for removing bonding inhibitor substances that exist on 
5 the bonding surfaces before each treatment step by respective 
means, so that each step is carried out in a cleaner condition, 
and, after the surface cleaning, bonding is possible in the 
atmosphere due to surface modification caused by adhesion of 
bonding enhancer substances under the existence of the 

10 substances that have been removed but adhered again. 

The above bonding apparatus should preferably include 
surface roughness processing/control means for processing the 
bonding surface to have a surface roughness appropriate for 
the material. Various methods are adopted, such as a method of 

15 transferring an uneven surface profile to one bonding surface 
using a tool formed with a profile having a predetermined 
roughness, a method using atmospheric plasma, or a blast 
treatment method wherein fine particles are blown. 

The surface treatment means should preferably adopt a 

20 method of projecting energy particles or waves toward the 

bonding surfaces under the atmospheric pressure, which enables 
the bonding step to be performed under the atmospheric 
pressure and at room temperature. More specifically, 
ultraviolet irradiation or irradiation of substances generated 

25 by atmospheric plasma is applicable, and by performing this 
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surface treatment step at the same time with the bonding, the 
objects are swiftiy bended after the bonding inhibitor 
substances have been removed or the bonding surfaces have been 
modified. 

s The bonding method of the present invention is a method 

of bonding surfaces of two or more objects after the objects 
have been surface-treated, including a surface treatment step 
of controlling at least one of the bonding surfaces to have a 
predetermined roughness, and modifying the bonding surfaces, 

10 on which no bonding inhibitor substances exist or from which 
bonding inhibitor substances have been removed, by letting 
bonding enhancer substances adhere under the existence of 
substances that adhere to the bonding surfaces in the 
atmosphere; and a bonding step of contacting the modified 

15 bonding surfaces of the two or more objects and bonding them, 
whereby room temperature bonding in the atmosphere becomes 
possible . 

BRIEF DESCRIPTION OF THE DRAWINGS 
20 Fig. 1 is a flowchart of the process steps of one 

embodiment of the bonding method; 

Fig. 2A to Fig. 2C are schematic viev/s illustrating the 
surface roughness control step; 

Fig, 3A to Fig. 3C are schematic views illustrating the 
25 bonding step and surface cleaning step; 
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Fig. 4 is a schematic view for explaining surface 

roughness; 

Fig. 5A to Fig. 5C are schematic views for explaining the 
bonding between the bonding surfaces that are roughness- 
controlled; and 

Fig. 6A and Fig. 6B are graphs plotting the amount of 
bonding inhibitor substances and of bonding enhancer 
substances before and after the main surface treatment. 

BEST MODE FOR CARRYING OUT THE INVENTION 

This embodiment shows one example of the method applied 
for mounting electronic components on a substrate by bonding 
bump electrodes formed on the electrode lands of the 
electronic components to the electrode lands formed on the 
substrate. The bump electrodes may be formed on the electrode 
lands of the substrate, or may be formed on the electrode 
lands of both of the substrate and components. Electrode lands 
generally have a thickness of l]im or smaller, and therefore 
bump electrodes of several to several tens urn are essential as 
a shock absorber to accommodate warp of the electronic 
components and substrate and to ensure establishment of 
electrical connection by the bonding between the plurality of 
electrode lands on the electronic component and substrate. 

Fig. 1 shows the process steps of this embodiment of the 
bonding method, each of which will be described hereinafter 
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with reference to Fig. 2A to Fig. 4. Alphanumerals SI, S2, etc. 
in Fig. 1 denote the process steps and correspond to those 
referred to in the description. 

Initial cleaning is the first step (SI) , wbiich is 
5 performed as a preliminary surface treatment step, to clean 
the bump electrodes lb of the electronic components I and 
electrode lands 2a of the substrate 2. The initial cleaning 
may bs performed either in the atmosphere or in vacuum, using 
energy particles or ion beam created by plasma, or by wet 

10 chemical etching. By this initial cleaning step, oxides or 
adhered substances on the surfaces of the bump electrodes lb 
and electrode lands 2a, which inhibit the bonding, are removed, 
and the metal forming the bump electrodes lb and electrode 
lands 2a is exposed. If the bonding surfaces are made of 

11 material such as Si which is free, or almost free, of bonding 
inhibitor substances, then the initial cleaning step may be 
omitted and the main surface treatment to be described later 
only may be performed. 

The electronic component 1 that underwent the initial 
20 cleaning is transported onto a surface treatment stage 4 on 
which the surface roughness control step is performed, while 
the substrate 2 is transported onto a bonding stage 7 {S2) . In 
the surface roughness control step, the surface of the bump 
electrodes lb is processed to have a predetermined roughness 
25 {S3) . This surface roughness control step is carried out as 
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follows: As shown in Fig. 2A, a rough surface plate (surface 
roughening member) 3 with a rough surface 3a having a 
predetermined roughness is lowered toward the electrode bumps 
lb of the elec-ronic component 1 held on the stage 4; and as 
shown in Fig. 2B, a predetermined pressure is applied to the 
bump electrodes lb, and the rough surface plate 3 is separated 
from the bump electrodes lb and lifted up, whereby uneven 
surface profile is created on the surface of the bump 
electrodes lb as shown in Fig. 2C. The effects of the 
formation of this uneven surface profile v/ill be described 
later in detail. 

After the surface roughness processing/control step 
described above in which the bump electrodes lb are controlled 
and processed to have a rough surface, the electronic 
component 1 is transported (S4) to the bonding step, where, as 
shown in Fig. 3A, it is held by a bonding tool (bonding means) 
6 and positioned above the bonding stage 7 on which the 
substrate 2 is held, so that the bump electrodes lb and 
electrode lands 2a are in matching positions. 

In the state shown in Fig. 3A, ultraviolet light is 
projected to the electronic component 1 from a first 
ultraviolet irradiation device (surface treatment means) 5a as 
illustrated, while ultraviolet light is projected to the 
substrate 2 from a second ultraviolet irradiation device 
(surface treatment means) 5b, so as to remove the bonding 
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inhibitor substances that have adhered to the bump electrodes 
lb and electrode lands 2a after the initial cleaning and to 
perform the main surface treatment step {surface treatment 
step) to allow adhesion of bonding enhancer substances under 
5 the existence of the substances that have been removed but 
adhered again (S5) . 

After a predetermined period of the main surface 
treatment stepy the bonding tool 6 is lowered, and vjhen the 
bump electrodes lb of the electronic component 1 are brought 
10 in pressure contact with the electrode lands 2a of the 

substrate 2 as shown in Fig. 3B, the bump electrodes lb bond 
to the electrode lands 2a in the protruded portions on their 
surfaces {36) . This bonding mechanism will be described later 
in detail. 

15 After the bump electrodes lb and electrode lands 2a have 

been bonded, the bonding tool 6 releases the electronic 
component 1 and goes up, and thus the electronic component 1 
is mounted on the substrate 2 as shown in Fig. 3C, with the 
bump electrodes lb and electrode lands 2a being bonded 

20 together. 

The second cleaning step described above is preferably 

continued until after the bonding step is complete (S7) . 
Alternatively, oxygen may be blown in order to help removal of 
adhered substances by the ultraviolet light. 
25 The effects of the surface treatment of the bump 
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electrodes lb performed in the above-described surface 
roughness control step, and the bonding mechanism between the 
surface-treated bump electrodes lb and the electrode lands 2 
are described belovj in detail, 
s Bump electrodes lb are most commonly formed by 

electrolytic or electroless plating, or provided by stud bump 
bonding. Their surface has a ten-point mean roughness or 
undulation in the order of micrometers, and each segment of 
the undulation has undulation in the order of nanometers. The 

10 undulation in the order of micrometers {ten-point roughness) 
is defined as large roughness and the undulation in the order 
of nanometers (ten-point roughness) is defined as small 
roughness here; the large roughness is measured with a 
roughness measurement device or using laser, but the small 

15 roughness is only measured at as a high resolution as atomic 
force microscopes. Fig. 4 shows triangular approximations of 
the large roughness and small roughness, where the peaks are 
denoted at hi and h2, and the amplitude of the waves are 
denoted at bl and b2, respectively; generally, the large 

20 roughness of sputtered gold {Au) film bump electrodes lb has a 
peak hi of a submicrometer level, while the small roughness 
has a peak h2 of about lOnm; and the large roughness of plated 
bump electrodes lb has a peak hi of several micrometers, while 
the small roughness has a peak h2 of about SOnm. 

25 Before the preliminary cleaning and/or main surface 
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treatiuent, in the atmosphere, there are bonding inhibitor 
substances G such as oxides or organic matter adhered on the 
surfaces of the bump electrodes lb and electrode lands 2a as 
shown in Fig. 5A, because of which the metal surfaces would 
5 fail to bond to each other as they are not directly in contact 
with each other. The initial cleaninc removes the Inhibitor 
substances G from the metal surfaces so that they are ready to 
react with other substances, and metal bonding is possible if 
they are brought into contact with each other. However, the 

10 metals fail to bond with each other in the atmosphere or in a 
vacuum of about 1 x 10"''Pa, because the inhibitor substances G 
that have been removed adhere on the metal again. The bonding 
would only be possible in such a condition if, as shown in Fig. 
5B, the metal surfaces, i.e., the surfaces of the bump 

15 electrodes lb and electrode lands 2a, have large and small 
undulations, and if the tops of the undulation coincide in 
position with each other, in this case, when the bump 
electrode lb is pressed against the electrode land 2a, the 
layer of re-adhered substances F is sheared off and nascent 

20 metal surfaces are created at the interface, which are highly 
reactive and therefore the two metal surfaces bond to each 
other in these areas or joints E by metal bonding. Such joints 
E, however, are created fairly randomly and there is no 
guarantee that firm joints are always formed, and also there 

25 will be variation in the joint strength. 
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The present invention applies the above-described bonding 
mechanism to a mass production process; to achieve stable 
joints, the rough surface 3a of the rough surface plate 3 has 
a standardized unevenness v/ith large roughness parameters hi 
s and bl. This rough surface plate 3 having a rough surface 3a 
formed with an uneven profile with a peak distance of bp and a 
peak height of hp as shown in Fig. 2 is pressed against the 
bump electrodes lb to form unevenness on their surfaces as 
shewn in Fig. 5C, with which a controlled number of joints E 
io with the electrode lands 2a will be formed. By thus 

controlling the roughness in the surface roughness control 
step, it is ensured that there will be areas where the layers 
of re-adhered substances are sheared off, and consequently the 
joint strength quality is controlled in the mass production 
15 process. 

Where 

E: joint, 

bp: distance between two joints (designed peak distance 
of the unevenness on the rough surface plate 3), 
20 s: bonding area at the joint (theoretical value defined 

by the shape and size of the joint E, and biting amount at the 
joint E), 

Sc: bonding area per unit area, 
S: measured bonding area (actual value), and 
25 So; total bonding area. 
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the ratio of unit area 1 to the area (hp)" of a square 
vjith four joints E and a side length of bp is equal to the 
ratio of the bonding area per unit area Sc to the bonding area 
s <v;hich is the sum of the four joints, 4 x s/4, the bonding 
5 area per one joint being s/4) . Thus the following equation {1) 
is set up: 

1: (bp)- = Sc;s ... (1) 

Here, the measured bonding area S, unlike the bonding 
area s which represents the effective bonding area at the 
10 joint E, includes non-bonding areas as well as effective 

bonding areas as shown in Fig. 5C; it represents a total sum 
of the measured areas of projections/ which are visually 
recognized as joints. 

From the equation (1) above, the bonding area per unit 
15 area Sc is obtained by the following equation (2) , and the 
total sum of the actual bonding areas So is expressed as the 
following equation (3), as it is a product of the apparent 
bonding area S and the bonding area per unit area Sc. By 
substituting equation (2) into equation (3J , the following 
20 equation (4) is obtained; 

Sc = s/(bp)^ ... (2) 

So = S X Sc .,. (3) 

So = S X s/(hp)'' ... (4) 

If the correlation between the above total sum of bonding 
25 areas So and joint strength is known, it is easily determined 
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how much total bonding araa So is required to obtain a certain 
joint strength, and the bonding area s, or the distance bp 
between the joints, that is required to obtain the total sum 
of bonding areas So can be determined from the equation (4) . 
5 The bonding area s is determined by suitably selecting the 
parameters such as the shape, size, and biting amount of one 
joint that will be formed by the rough surface 3a of the rough 
surface plate 3. 

The rough surface 3a of the rough surface plate 3 is 

10 formed by dry etching or sand blast methods so that it has 
cyclic roughness. The peak height hp and peak distance bp 
depend on the surface condition, size, and material of the 
bump electrodes lb. In this embodiment, the bump electrodes lb 
are made of gold, and, taking into consideration that the 

15 bonding surface area per one electrode may be as small as 30pm-, 
hp is set in a range of 2 to Spin, preferably 3]am, and bp is 
set in a range of 1 to 3vim, preferably 1.7vim. These values 
will vary, however, depending on the materials to be bonded 
together; for the bonding of objects that are both made of 

20 silicon which is hard, the roughness v;ill be made finer. 

Even with the standardized joints E provided by the above 
roughening process, there still is a vjorry that there may be 
variation in the joint achieved degree at the joints E 
depending on the amount of the re-adhered substances F, and 

25 sometimes the bonding does fail. The main surface treatment 
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stsp is performed to solve this problem; it is performed to 
manage and control the chemical state of metal surfaces in the 
atmosphere, with the intention of removing bonding inhibitor 
substances from the re-adliered substances F and of letting 
s bonding enhancer substances attach on the surfaces. Here in 
the main surface treatment, ultraviolet light is projected to 
the bump electrodes lb on the electronic component 1 from a 
first ultraviolet irradiation device 5a, while ultraviolet 
light is projected to the electrode lands 2a on the substrate 

10 2 from a second ultraviolet irradiation device 5b, so as to 
remove the bonding inhibitor substances from the re-adhered 
substances F and to let bonding enhancer substances attach on 
the surfaces by the use of ultraviolet. As a result, even 
under the existence of residual adhered substances, the 

15 bonding enhancer substances help mitigate or eliminate the 

effects of the residual adhered substances, whereby successful 
bonding is achieved. This is assumed to be because the bonding 
enhancer substances promote the shearing of the residual 
adhered substance layers at the joints. That is, the bonding 

20 enhancer substances are assumed to modify the bonding surface 
conditions so that the residual adhered substance layers do 
not inhibit the bonding. 

In the above described process, the electronic component 
1 is brought onto the surface treatment stage 4 for the 

25 transfer of the uneven profile after the initial cleaning step 
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which is performed as a preliminary surface treatment. 
Alternatively, after the initial cleaning step, the electrcnic 
component 1 may be held by a bonding tool 6 and lovjered onto 
the rough surface plate 3 that has the rough surface 3a faced 
s upwards, to press the bump electrodes lb of the electronic 
component 1 against the rough surface 3a for the transfer of 
the uneven profile on the surface of the bump electrodes lb. 

Instead of transferring the uneven profile using the 
rough surface plate 3 that has been described as means of 

10 performing the surface roughness processing/control step, the 
uneven profile or roughness may be directly formed by plasma 
treatment or blast treatment. Alternatively, the roughness may 
be provided by irradiation of ions or the like generated by 
atmospheric plasma, which has been described as means of 

15 performing the main surface treatment step. 

Heating the electronic component I and substrate 2 to a 
temperature of about 50 to 250°C in the bonding step increases 
the diffusion speed of the metal, whereby the bonding strength 
is further enhanced. 

20 While the bump electrodes lb of the electronic component 

1 undergo the surface roughness control step in the above 
described process, the same effects will be achieved if the 
electrode lands 2a of the substrate 2 undergo the roughening 
treatment . 

25 Next, one example of the best mode to carry out the 
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process in the order of the following first to fourth steps 
and its results will be described: 

1. Au stud bumps lb were formed on the electronic 
component 1 ; 

s 2. Roughening step was performed as a surface roughness 

processing/control step, in which a regular uneven pattern was 
provided on the Au surface of the electronic component 1 which 
will be bonded, using a mold made by etching from a Si 
substrate (inclination angle: 54.7°, anisotropy etching depth: 
10 1.7)im, peak distance: 3^m) ; 

3. Surface-roughened Au bmnps on the electronic component 

1 and Au-sputtered electrodes cn another electronic component 

2 underwent surface treatment at the same time using UV lamps 
to remove bonding inhibitor substances and to attach bonding 

IS enhancer substances {low pressure mercury lamp with 185 to 
254nm wavelengths, 20mW/cm~ intensity, and 90 seconds 
illumination time) ; 

4. One or both of the electronic components 1 and 2 were 
heated so that the bonding surfaces were 100°C, and they were 

20 pressed together to cause cohesion bonding and/or diffusion 
bonding to join them. 

The joint between the Au-Au surfaces obtained through the 
above process steps had a uniform shear rupture strength of 
200mN with a bonding area of SOyiti diameter (1963|.im^) . When Ar 

25 plasma cleaning was performed (200W, 30 s) as the initial 
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cleaning suep, the joint was improved in strength and had a 
shear rupture strength of 300inN or more. Note, shear rupture 
occurred also in parts other than the bonding interface, and 
therefore the joint strength was not quantified but the result 
5 was good enough to guarantee a high joint strength. 

The higher the temperature relative to room temperature 
. was, the better the bonding result was. Further, before and 
after the main surface treatment, the peak amount of carbon C 
was reduced as shown in Fig. 6A and the peak amount of oxygen 

10 O was increased as shown in Fig. 6B. This leads us to the 
assumption that the metal surfaces were modified into 
conditions that were favorable for the bonding because carbon 
C was removed and oxygen 0 increased, leading to the above 
favorable results. Thus, C is defined as a bonding inhibitor 

15 substance, and 0 a bonding enhancer substance. 

INDUSTRIAL APPLICABILITY 

According to the present invention, as described above, 
the surfaces of the objects to be bonded are cleaned in a 

20 first cleaning step to remove bonding inhibitor substances 
such as oxides and adhered substances; one of the bonding 
surfaces is provided with an uneven profile with a 
predetermined roughness in a surface roughness control step; a 
second cleaning step is performed to remove the substances 

25 that have been removed but adhered to the bonding surfaces 
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again; and the uneven bonding surface is pressed against the 
other bending surface, whereby both surfaces are bonded at 
room temperature and in the atmosphere; the invention is 
therefore effectively applicable to flip-chip-type electronic 
5 component mounting techniques. 



